Genomic adaptation to acidic environment: evidence from Helicobacter pylori.
The origin of new functions is fundamental in understanding evolution, and three processes known as adaptation, preadaptation, and exaptation have been proposed as possible evolutionary pathways leading to the origin of new functions. Here we examine the origin of an acid resistance mechanism in the mammalian gastric pathogen Helicobacter pylori, with reference to these three evolutionary pathways. The mechanism involved is that H. pylori, when exposed to the acidic environment in mammalian stomach, restricts the acute proton entry across its membrane by its increased usage of positively charged amino acids in the inner and outer membrane proteins. The results of our comparative genomic analysis between H. pylori, the two closely related species Helicobacter hepaticus and Campylobacter jejuni, and other relevant proteobacterial species are incompatible with the hypotheses invoking preadaptation or exaptation. The acid resistance mechanism most likely arose by selection favoring an increased usage of positively charged lysine in membrane proteins.